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AN f2,LPIP.ICAL FC)~uLa , ,OR CALCULATING3 TH DISSOCIATION
ENERGY OF ORCLANIC MOLECU"LES

A. V. SAVILKI

(Presented by N. N. Semenov, Member of the Acadey, September 30, 1952.)

A most important constant, essential for ",any theoretical and~ practical
Sca~culations, is the energv of di.6ociation of the different-bonds in a mole-

cule. The existing , vast amount of experiinental data on the question has been set
Pot in reiwaui 2  Nevertheless there dc_ 2 not exizt any general

* theory which would enable us to calculate this quantity.

Lj. Pauliplg- givep a semni-empLric method of calculating the bond
Sdissociation energy, which takes into account the elec-tronegativity of the atoms.
SBut .his method, applicable to biatomic molecules with a covalent bond, is net

suitable for organic compounds, siLnce it makes no allowance f or the mutual
irnfluence of the atoms. The weaknesses of ?auling~s method were pointed out by
A. F. Kapustinskcih, who suggested a new way of quiintitatively calculating the
electronegativity of the atoms. More recently, V. V. Voyevodski5 has con-
structed ani empirical Lornula enabling us to calculate the dissociation energy

of the C-C and C-H bonds of satu.rated hydrocarbons.

Since the known empirical relationships, zre eac , appli.cable only to
certain specified organic compounds, it seezed "_us wortbliloeto fina an
empirical formula expressing the interconnuection between these dissociation
energies.

As is well known, the approximate quantitative calculation of the
dissociation energy ef a monoelectronic covalk:nt 'bond leads to the relatinship;

E - kS ASB, (1)

where E is the d2:Lssociation energy of a molecule A-B; k is a oafficient of
propor ion; SA and 3Bare the strpngths of the bonding orbits.** Since this

relation is dterived for a monoelectronic bond, we cannoL mecnanically carry it
over to a bielectronic bond, as Pauling has done. We may however assume that also
in the case of a bielectronic bond the dissociation energy is datermined by
the strength of the bondipg orbits:

*By "'.,,trength of a bonding orbit" we mean the maximnum amplitude of the wave-
funcf ion describing tho state uf the valence -41,ac t n of a given atom or

D radIcal.
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where R -R is the dissociation enerfr of a molecule R

Let us consider the dissociatio enerr c'f <wo series of nchculcS

R-RA and r RB, where RA are certain specified radicals and R is variable.

On the basis of equation (2), we find-

_ - (S, s, _R (S, 1 '-A-B

Since S is a par&reter, then between ERR and ERR, there must exist

a well-defined relationship, a fact which is confirmed by e)periffentai (atalo2?
Investigating this interrelation between disociation energies, we found t'he
empirical formula:

-CAo
B

ER B -Eo(-eA ) ()

where E is an empirical constant depending on the type of bond; c and c, are

empirical constants depending on the nature of radicals RA and RB.

To convince ourselves of the validity of formula (4), let us compare
the dissociation energies of the two series of molecules R-R and. R-R

ABA

Eol -cc A  cc B e(5

Eliminating c, we get:

El -R CA (R- R )

an cicie i or ih .2utio ( 1), d(i6)rm uniaie aclto

It will be seen from Fig. that with proper choice of E a linear

relationship between n(l - E c ud from is in fact maintained.

At fmall nalues of formula (4) becomes:

-A_- - ____cB_ _)

and coincides in form with equation (1), derived from quantitative calculation
of the monoelectronic bond,

On the basis of the9 above, ive may take it that the empirical constant
c defineb the strength of the valence-orbi* of a radical. *

Using formula (4), we calculated from the experimental data, the
following values for c and Bo o
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Values of c for various radicals and atoms: cyazogen 1.8, ethinyl
1,7, chL-Z'r 1.67, bromine 1.33, phenyl 1.19, hydrogen 1.17, vinyl 1.16,
iodi j e 1)., methyl 1.00, ethyl 0. 8, n-p.opyl 0.94, n-butyl 0,90, tri-
iodomethyl 0.F6, isopropyl 0.86, acetyl 0.83, formyl 0.82, tribromomethyl 0.82,
ternary butyl 0.32, trichloromethyl 0.73, benzyl 0.66. m- lyl 0.65, allyl 0.6h,

. -naphthyl,oetnyi 0.64, ?-naphthyl-methyl 0.64, n-.yiyl 0.635, methyl-allyl
0,635; o-.cylyl C,.62, triphenyl-methyl 0.31.

Vaae. of Eo for different types of bond: EC 133, EC-CI 99

i _i ,C-Hn-Br 9 -'0 - 1L5 kcal/mol.

The empirical constants thus found were utilized to calculate some
till urinown dissociation energies. The results of the calculation are shown

in Tables 1 and 2.

In conclusion, we express our gratitude to ProfessorG. A. Razuvayev
for his valuable gixidance in the carrying-out of this work.

Goriki National University. Received November 12, 1952.
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Table 2
Lsoiatonen.;ies. orgarnic molecules in Kcal]/mole.

-- _-_, C-_,- -bonds.

IICl Br

CJIJ 1 ,67i < , 58-,
CI.,. , -52 , 4

0 __]__ , 9,,'__7_,;__7,________,,

u-4 t)9 ,t;,7 4~,

3 77,j; 63, 49,9

C(CH ,, 7 , , , 47,0

CH7, CH,,, 57, 6
CH=C 2  92? 1u2? h4. 71, t, L 57-

76 ,3?3 44 39,7

CHqCH -CH, !7 39,7 4-isCHC H ~77; - 7S C 4 9 4'S +5 ' 9:" 3.5 -3" 7

126 93,95 69,6

C CH ,<121'
CH, 10, 4 ,3?

CH 12? ,S5, .;72,5 .,7? 58, 5

CHCH 77,9 66,1 5 2 :4;

.77,5 ,5 70-r 2 /ji I 39

cIO 89,2 73,9 60 4 47,0\li , 4,

C90, 74,1 67 , , 47,,,CH. ,6 U

CN 12,, 71,2
O' 94,2 2,6 70,1

* The figurE 't tho right in each cell is the calculated
v a l u e ; a t ,,,e l e f t c e , -

t the expierimntal values (above,

data from reference 1; below, da;a from reference 2).
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